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Motivation




Why Monte Carlo studies

e Underlying physics models for highly complex systems

e FEvent selection and Background estimation

e Theory Predictions: discoveries of new particle and interactions
e Testing the capabilities of current MCEG

e Predictions for future experiments



Monte Carlo Event Generators: Pythia8

Herwig7

Sherpa2

https://pythia.org/documentation/ ’



The Monte Carlo Event Generators: Herwig7

Pythia8

Sherpa2

https://herwig.hepforge.org/ ’



The Monte Carlo Event Generators: Sherpa2

Pythia8

Herwig7

https://sherpa.hepforge.org/doc/SHERPA-MC-2.2.5.html ’



Experimental e-p Collision Data: HERA




DIS Kinematics
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Parton Shower Tests

e Average transverse energy in central and forward regions

e Transverse energy in low and high bjorken x, high and low Q regions

e Transverse energy-energy correlation in high and low bjorken x regions

Event Selection and Kinematics

p: 820 GeV

e: 26.7 GeV

Vs =296 GeV

@? < 10000GeV/?

W? > 3000GeV/?

Er > 0.5GeV (4.4 < 6 < 15)
1% =2 pg =2 TG



Average Transverse Energy Flow

e Characterize the system at extreme
conditions of temperature and energy

density.

e Central region: — 0.5 <7 < 0.5

e Forward region: 2 < 7 < 3
(photon fragmentation region

* E = Z l_El.sin( qbl.)

Top panel: Pythia8
Bottom Panel: Sherpa2
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Transverse Energy Flow

Transverse energy flow for (x) = 0.14-1072, (Q2) = 3.8 GeV? Transverse energy flow for (x) = 0.026, (Q%) = 617 GeV? Transverse energy flow for (x) = 0.076, (Q%) = 682 GeV?>
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Transverse Energy-Energy Correlation

An event shape observable- for

of energy

weighted angular distributions of

Independent of hadronization of

) QCD tests
e The measurements
hadron pairs.
°
the primary partons
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Left panel: Herwig7
Right Panel: Sherpa2
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Hadronization Tests

e Charged Particle Multiplicity and Event selection kinematics
Associated Observables o: 820 GeV

e Scaled charged particle spectra e 27.5 GeV

e Average p,” Distribution v/s = 300 GeV

e D* Meson Cross section e’ > 12 GeV

® (¢ Meson Cross section 1OGeV2 = Q2 < 1000 GeV2

80 GeV < W <« 220 GeV
ErF > 0.5 GeV (4.4 < 0 < 15)
10~ < e < 107%



Charged Particle Multiplicity

e Set of probabilities(Pn)
associated with the
occurrence of the
number of hadrons, n,
in the phase space
region under
observation.

Left panel: Pythia8, Herwig
Right Panel: Sherpa2
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Mean of Charged Particle Multiplicity

Mean Multiplicity of the unfolded multiplicity distributions. Dispersion of the unfolded multiplicity distributions.
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Scaled Charged Particle Spectra

50 < W < 100 100 < W < 150
: IOZ .; T T T T T T T T [ ‘_'T"'_ T Tz : lol .'TV &2 Y r“T_'_T_T_Y'_}' B I PR ] "T‘"'_"_'_V_V‘_I = N B SRR r-'
-,E —+— Data E ? E —+— Data 3
. . s Powheg ] 3 £ Powheg ]
e This observable is presented in | — Nauio S —— Moo
hadronic CoM frame 10! 4 w0
4 1

e Minimised effect of transverse w . 1 ]
boost from virtual photon E i

7 1 T — ‘% P ‘ "‘::}e s[%

. . s BB ECFF : P :J| ‘

e Zz*is direction of the virtual & oy = | | —— &
O og9fEL T 1 ] | | J::'l 4 g 09 E J . I EI: | ‘ -

photon = 85 —— = 8 .

gg L v P BT - gg W | Yo ol | PR BT ST li

2 150 < W < 200 all w

= = ! !
Z I —4— Data ) 10 —4— Data 3
) Dy ) F i 3
— S o2k Powheg ) C Powheg :
x — R E — MCNLO < [ —— MCNLO
L “ 7 = | F — MCLO o —— MCLO
10"
1
14 E 3 1.4 E | | % =
13 E 1.3
% 1.2 % 1.2 [
) e 1.: : = Q L: % % % bt I |
U 09E U 09 E- =
Herwig7 ¢ 2| i g & 1
07 E = 07
gg’ g L L L L L 1 L L L E 8? -——A Ll - | L | |

0 0.1 0.2 0.3 0.4 0.5 0.1 0.2 0.3 0.4 0.5



Average P Tz Distribution

e Hadronization is expected

(pz. ) as a function of x| (p-‘i ) as a function of x|
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D* Meson Cross-section
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¢ Meson Production

Unit differential cross-section as function of Pseudorapidity 7 Differential cross-section as function of pT Differential cross-section as function of Q?
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Photoproduction

e Photoproduction

e Diffractive dijet production Event selection kinematics

Photoproduction Scatered _ _ | p: 920 GeV
Egéﬁg % . * ¢ eeaon  Photoproduction (yp) is defined o: 378 GVl
.

- e YD 2
by small virtualities: Q< << Agcp 5 = 318 Gl
¢ Exchanged photon may fluctuate 5 5
R < 1GeV

142 GeV < W < 293 GeV

\ @
“, . es into quarks and gluons

¢ {iff "% Larger interaction regions are :

¥, 3° orobed EF" < 17 GeV

‘ o 1.0 < Njet < 1.5
0.003 < x < 0.9

0.2 <y<0.85



Diffractive Photoproduction o

ep — eyp — eX
(Photoproduction)

ep — eXY or epX
—large rapidity gap

—rapidity gap survival
probability calculated
event-by-event for
diffractive dijets

Resolved photon dijet

photoproduction
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Diffractive Dijet in Photoproduction in H1
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D Meson Production
e Relatively, Herwig NLO best explains the data.
e Sherpa tunings deviates from the data structure
for certain measurements

() Meson Production
e The shape of the data is explained well by all
MCs, but none of the MCs fit the data exactly

well.

PhotoProduction
e Pythia-LO model performs quite well in terms on
explaining the values and structure of
Photoproduction related measurements




-

Interpretation of these
analyses

Explaining the performance
of different MCEGs

Consecutive improvements
in MCEGs’ performance for
ep collisions remains
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Generalised Moments Distribution
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Average Transverse Energy Flow

Transverse energy flow for (x) = 0.08- 1073, (Q?) = 3.2 GeV? Transverse energy flow for (x) = 0.14- 1072, (Q?) = 3.8 GeV? Transverse energy flow for (x) = 0.026, (Q%) = 617 GeV? Transverse energy flow for (x) = 0.076, (Q?%) = 682 GeV?
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Photoproduction and Diffractive Dijet Production in H1 and Zeus
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